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METHOD AND APPARATUS FOR ROBUST 
DETECTION OF THE DENSITY OF A 

PIGMENTED LAYER 

BACKGROUND 

Generally, a concern of printing industry is printing quality 
control. For example, US. Pat. No. 7,054,568 entitled 
“Method and Apparatus for Controlling Non-Uniform Band 
ing and Residual Toner Density Using Feedback Control” has 
addressed various quality problems. For example, in a xero 
graphic printing system, printing quality can be affected by 
incomplete transfer of a toner image from a photoreceptor to 
an intermediate transfer belt or from the intermediate transfer 
belt to a paper. Because of some strongly adhering toner 
particles, loW charge toner particles, air breakdown, or other 
reasons, the transfer of the image from the photoreceptor to 
the intermediate transfer belt or the paper, or from the inter 
mediate transfer belt to the paper, can be incomplete. If toner 
transfer e?iciency varies signi?cantly, toner density on a ?nal 
image may change. If the ?nal image is a colored image, then 
changes in the toner density can result in color shift. 
US. Pat. No. 7,054,568 proposes a technique using a feed 

back control system to address various quality control prob 
lems that may happen in a printing system. Generally, a 
feedback control system can include a Working system, a 
monitoring system, and a controlling system. The monitoring 
system can monitor the Working system, measure parameters 
of the Working system and provide to the controlling system. 
The controlling system can analyZe variations of the Working 
system based on the parameters provided by the monitoring 
system. Accordingly, the controlling system can send instruc 
tions to adjust the Working system. In order for the feedback 
control system to Work Well, the monitoring system needs to 
accurately measure parameters of the Working system in real 
time. HoWever, due to limitations of the monitoring system, 
the environment noise, defects in the Working system or other 
disturbance, it can be di?icult for the monitoring system to 
measure accurately. 

SUMMARY 

The present disclosure can provide a method and apparatus 
that can be utiliZed in a monitoring system, such as the moni 
toring system in a printing system, to quickly and accurately 
acquire information related to the printer’s operation, subse 
quently the printing system can be adjusted according to the 
information. 

Aspects of the disclosure can provide a method of detecting 
a density of a pigmented layer on an object. The method can 
include emitting a ?rst modulated light onto a ?rst portion of 
the object having the pigmented layer, detecting a ?rst 
re?ected light of the ?rst modulated light from the ?rst por 
tion of the object, and determining the density of the pig 
mented layer according to the ?rst re?ected light. 

To determine the density of the pigmented layer according 
to the ?rst re?ected light, one embodiment includes keeping 
a constant status of the ?rst modulated light, pre-calibrating a 
density relationship With the re?ected light based on the con 
stant status of the ?rst modulated light, and determining the 
density of the pigmented layer according to the density rela 
tionship With the re?ected light and the ?rst re?ected light. 

To keep the constant status of the ?rst modulated light, one 
aspect of the disclosure includes calibrating the constant sta 
tus according to a knoWn density. Alternatively, another 
aspect of the disclosure includes monitoring the status of the 
?rst modulated light, and controlling the status of the ?rst 
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2 
modulated light according to a feedback of the monitored 
status of the ?rst modulated light. 
To determine the density of the pigmented layer according 

to the ?rst re?ected light, one embodiment includes calculat 
ing a ratio of an amplitude of the ?rst re?ected light by an 
amplitude of the ?rst modulated light, and determining the 
density of the pigmented layer according to the ratio. 

According to one embodiment, the amplitude of the ?rst 
modulated light is measured through a beam splitter and a 
detector. 

According to another embodiment, the amplitude of the 
?rst modulated light is an amplitude of a ?rst driving current. 

According to the disclosure, to determine the density of the 
pigmented layer according to the ?rst re?ected light, one 
embodiment includes emitting a second modulated light onto 
a second portion of the object, detecting a second re?ected 
light of the second modulated light from the second portion of 
the object, and determining the density of the pigmented layer 
according to a relative ratio that is related to the ?rst re?ected 
light and the second re?ected light. 

To determine the density of the pigmented layer according 
to the relative ratio that is related to the ?rst re?ected light and 
the second re?ected light, one embodiment further includes 
calculating the relative ratio by dividing an amplitude of the 
?rst re?ected light by an amplitude of the second re?ected 
light. 

According to one embodiment, to determine the density of 
the pigmented layer according to the relative ratio that is 
related to the ?rst re?ected light and the second re?ected 
light, the method can include calculating a ?rst ratio by divid 
ing an amplitude of the ?rst re?ected light by an amplitude of 
the ?rst modulated light, calculating a second ratio by divid 
ing an amplitude of the second re?ected light by an amplitude 
of the second modulated light, and calculating the relative 
ratio by dividing the ?rst ratio by the second ratio. 

According to the disclosure, the light can be modulated by 
sinusoidal, triangular, step or other patterns. 

Aspects of disclosure can also direct to a method that uses 
at least one of analog ?ltering, signal processing techniques 
including Fourier analysis, and digital ?ltering to extract the 
amplitude of the modulated signals. 

Aspects of the disclosure can also provide a sensor system 
that detects a density of a pigmented layer of an object. The 
sensor system can include an emitter that emits a modulated 
light onto a portion of the object, a detector that detects a 
re?ected light from the portion of the object, and a controller 
that is coupled to the emitter and the detector, the controller 
determines the density of the pigmented layer of the object 
based on the detected re?ected light. 

In addition, the disclosure can direct to a printing system 
that can include an object that is at least one of a photorecep 
tor drum, a photoreceptor belt, an intermediate transfer belt, 
an intermediate transfer drum and paper, the object has a 
pigmented layer, a sensor system that detects a density of the 
pigmented layer of the object. The sensor system can include 
an emitter that emits a modulated light onto a portion of the 
object, a detector that detects a re?ected light from the portion 
of the object, and a controller that is coupled to the emitter and 
the detector, the controller determines the density of the pig 
mented layer of the object based on the re?ected light. The 
controller can adjust the printing system according to the 
detected density of the pigmented layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various exemplary embodiments of this disclosure Will be 
described in detail With reference to the folloWing ?gures, 
Wherein like numerals reference like elements and Wherein: 
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FIG. 1 is a diagram of an exemplary sensor system; 
FIG. 2 is a diagram illustrating a constant intensity method 

for detecting toner density based on a re?ectance character 
istic of an object; 

FIG. 3 is a diagram illustrating a modulated intensity 
method for detecting toner density based on the re?ectance 
characteristic of an object; and 

FIG. 4 is a ?owchart illustrating an exemplary process of 
modulating light intensity for detecting a relative re?ectance 
of an object. 

EMBODIMENTS 

In a printing system, it can be important to maintain the 
quality of print outcome independent of any variations in the 
environment or materials. One approach can be using a feed 
back control system. The feedback control system can 
include a Working system, a monitoring system and a con 
trolling system. The controlling system can adjust the Work 
ing system based on various parameters measured by the 
monitoring system. To successfully implement the feedback 
control system, accurate and real -time monitoring needs to be 
achieved. 

FIG. 1 is an exemplary sensor system 100 that can be used 
in the monitoring system to measure a parameter of an object 
140. Generally, the sensor system 100 can include an emitter 
110, a detector 120, and a controller 130 that can be coupled 
With the emitter 110 and the detector 120. 

The emitter 110 can emit a signal With controlled proper 
ties. The detector 120 can then detect the signal after it is 
affected by the object 140. The controller 130 can de?ne and 
analyZe the properties of the emitted and detected signals, and 
determine the parameter of the object 140. 

Various sensor systems can be used in a printing system to 
monitor various parameters of the printing system. Among 
them, optical densitometers, such as the Enhanced TonerArea 
Coverage Sensor (ETACS) and Automatic Density Control 
(ADC) sensor can be utiliZed to measure a parameter, such as 
relative re?ectance or optical density, that is related to a 
density (mass density) of a toner layer on a surface, such as a 
density of a toner layer on a photoreceptor. 

Using an optical densitometer as an example, the emitter 
110 can include one or more LED(s). The LED(s) can emit 
light in accordance to an electrical driving current. The driv 
ing current can be controlled by the controller 130. For 
example, the controller 130 can change a magnitude of the 
driving current. In accordance, the emitter 110 can emit light 
With different intensity. Furthermore, the controller 130 can 
change the magnitude according to a speci?c pattern, such as 
sinusoidal pattern, step pattern or triangular pattern. Addi 
tionally, the controller 130 can change the magnitude of the 
driving current periodically With a speci?c frequency. 

The emitted light can be directed to a portion of the object 
140. According to a circumstance of a material on the portion 
of the object 140, the light can be affected and re?ected. The 
re?ected light can be detected by the detector 120. The detec 
tor 120 can then generate a signal in proportion to the inten 
sity of the light detected, such as a voltage signal With an 
amplitude proportional to the intensity of the light detected. 
As already knoWn, some types of toner particles can absorb 

light, thus reduce the intensity of the re?ected light, other 
types of toner particles can scatter light, Which can increase 
the intensity of the re?ected light. The change of the intensity 
of the re?ected light to the emitted light can be related to toner 
density. Therefore, higher toner density can make larger 
change of light intensity. As the type of toner is pre-knoWn, a 
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4 
change of light intensity betWeen the emitted light and the 
re?ected light can be related to the density of toner on the 
portion of the object 140. 

Generally, a re?ectance characteristic can be used to 
describe the relationship of the re?ected light With the emitted 
light. Practically, the optical densitometer can use an ampli 
tude of the emitter driving current as a measure for the inten 
sity of the emitted light, and use an amplitude of the detector 
output voltage as a measure for the intensity of the re?ected 
light. Therefore, the re?ectance characteristic can be repre 
sented as a response characteristic of detector output voltage 
to emitter driving current. 

FIG. 2 is a diagram shoWing exemplary response charac 
teristics of an object 140. Response characteristics of the 
object 140 for tWo different circumstances have been illus 
trated. In one circumstance, a portion of the object 140 has a 
layer of a speci?c toner, the re?ectance characteristic can be 
represented by response characteristic line 220. In another 
circumstance, a portion of the object 140 can be Without any 
layer of toner, the re?ectance characteristic can be repre 
sented by response characteristic line 210. Furthermore, line 
230 can be used to indicate a baseline voltage. The baseline 
voltage 230 is the output voltage of the detector 120 When the 
emitter 110 is turned off. 
The response characteristic lines 210 and 220 can have a 

similar trend that When the emitter driving current is larger, 
the detector 120 can generate larger voltage. This can mean 
that When the emitter 110 emits light of higher intensity, the 
detector 120 can detect light of higher intensity. Moreover, 
When the emitter driving current is the same for the tWo 
response characteristic lines, less output voltage can be 
expected from the response characteristic line 220, Which 
represents the re?ectance characteristic of the portion of 
object 140 having a layer of the speci?c toner. The reason can 
be that the speci?c toner can absorb light, then less light can 
be re?ected. Accordingly, less light can be detected by the 
detector 120. Consequently, the output voltage of the detector 
120, Which is proportional to the light detected, can be 
smaller. 
The optical densitometer can use the amplitude of output 

voltage generated by the detector 120 to evaluate the toner 
density on the surface of the object 140. For example, When 
the emitted light is constant, a toner density relationship With 
output voltage can be pre-calibrated. In accordance to the 
toner density relationship With output voltage, the amplitude 
of the output voltage can be directly related to the toner 
density. 

Moreover, the optical densitometer can detect a relative 
re?ectance, Which can be used to more accurately estimate 
the toner density on the surface of the object 140. To detect the 
relative re?ectance, light emitted from the emitter 120 can be 
directed to a ?rst portion of the object 140 having a layer of 
toner. Additionally, the light emitted from the emitter 120 can 
also be directed to a second portion of the object 140. Gen 
erally, the second portion of the object can be bare surface, 
Which can be considered as free of any toner layer. In one 
embodiment, the ?rst and second portions of the object 140 
can be tWo different locations on the object 140. Alternatively, 
the ?rst and second portions of the object 140 can be the same 
location. This can be implemented by a clean-up that can be 
performed before directing light onto the second portion of 
the object 140. 

Subsequently, the relative re?ectance can be calculated by 
dividing a ?rst ratio by a second ratio. The ?rst ratio can be 
calculated by dividing an amplitude of the re?ected light by 
an amplitude of the emitted light associated With the ?rst 
portion of the object 140. Similarly, the second ratio can be 
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calculated by dividing an amplitude of the re?ected light by 
an amplitude of the emitted light associated With the second 
portion of the object 140. The relative re?ectance can be used 
to estimate the toner density on the ?rst portion of the object 
140. 

FIG. 2 can be used to illustrate a method of detecting the 
relative re?ectance. The method can be called constant inten 
sity method because the method uses a constant emitter driv 
ing current. As shoWn in FIG. 2, the controller 130 can 
instruct a constant current driving the LED(s) of the emitter 
110, such as a driving current 270, approximately 340 HA. 
The LED(s) can emit light When the driving current is larger 
than a tum-on current 205, Which is approximately 50 uA. 
Accordingly, an effective current 295 can be determined by 
calculating the difference betWeen the driving current 270 
and the tum-on current 205. The effective current 295 is 
approximately 290 HA. 
When the emitter 110 directs light onto the ?rst portion of 

the object 140 that is With a layer of the speci?c toner, accord 
ing to the response characteristic line 220, the detector 120 
can generate an output voltage 250, approximately 1.2V. The 
difference of the output voltage 250 to the baseline voltage 
230 is indicated by a voltage difference 290, Which is approxi 
mately 1 .lV. The voltage difference 290 can be considered as 
a voltage output due to the re?ected light from the ?rst portion 
ofthe object 140. 
When the emitter 110 directs light onto the second portion 

of the object 140 that is Without toner, according to the 
response characteristic line 210, the detector 120 can generate 
an output voltage 240, approximately 2.8V. The difference of 
the output voltage 240 to the baseline voltage 230 is indicated 
by a voltage difference 280, Which is approximately 2.7V. 
The voltage difference 280 can be a voltage output due to the 
re?ected light from the second portion of the object 140. 

According to one technique, the voltage difference 290 can 
be used to evaluate the density of the speci?c toner. A voltage 
density relationship can be pre-calibrated for various densi 
ties using a constant emitter driving current. In accordance to 
the voltage-density relationship, a density corresponding to 
the voltage difference 290 can be determined. 

According to another technique, a relative re?ectance (RR) 
can be determined. The relative re?ectance can be de?ned as 
dividing a ?rst ratio by a second ratio. The ?rst ratio is a ratio 
of the voltage difference 280 to the effective driving current 
295. The second ratio is a ratio of the voltage difference 290 
to the effective driving current 295. The relative re?ectance 
can be represented by equation 1: 

(1) 

Where Vt is the output voltage of the detector 120 When the 
emitted light is directed to the ?rst portion of the object 140, 
V0 is the baseline voltage, and Vb is the output voltage of the 
detector 120 When the emitted light is directed to the second 
portion of the object 140. I d is the constant emitter driving 
current, and I0 is the tum-on current. As can be seen, equation 
1 can be simpli?ed by canceling the common terms of the 
emitter driving current. 

In reality, the detection of toner density may be affected by 
various noises, such as drift noise, random noise, and periodic 
noise. Drift noise can be the noise that has consistent value. 
Random noise can be the noise that randomly changes value. 
Periodic noise can be the noise that periodically changes 
value. 

20 

25 

35 

40 

45 

50 

55 

60 

65 

6 
Due to the presence of noises, the constant intensity 

method can be inaccurate When toner density is loW. For 
example, in order to evaluate the toner transfer e?iciency, it is 
necessary to monitor a toner density on the photoreceptor 
surface after the transfer of toner image to the intermediate 
transfer belt or the paper. In such a case, the density of the 
remaining toner particles on the photoreceptor surface can be 
very loW. Accordingly, the remaining toner particles can 
make very small change to the re?ected light. Under such a 
circumstance, the intensity of the re?ected light from the ?rst 
portion of the object 140 can be close to the intensity of the 
re?ected light from the second portion of the object 140. 
Using FIG. 2 as an example, the ?rst portion of the object can 
be the photoreceptor surface after the transfer of image of the 
speci?c toner. Then the output voltage of the detector 120 
corresponding to the ?rst portion of the object 140 should be 
close but smaller than the output voltage corresponding to the 
second portion of the object 140, Which is toner free. HoW 
ever, in reality, the output voltage corresponding to the ?rst 
portion may be larger than the output voltage corresponding 
to the second portion. This is due to the noises. Thus, the 
constant intensity method may not accurately evaluate the 
toner density When the toner density on the photoreceptor 
surface is loW. 

In order to utiliZe the optical densitometer to monitor loW 
toner coverage, one method uses customiZed test pattern, 

Which can be a series of evenly spaced patches. Then signal 
processing techniques can be used to extract the signal com 
ponents of speci?c frequencies. Therefore, the noise compo 
nents that can have different frequencies from the speci?c 
frequencies can be excluded. HoWever, the result from this 
method can be pattern dependant. In addition, using patches 
of sharp edges can increase signal components of higher 
harmonic frequencies. Thus, in order to improve the accuracy 
of density detection, signal components of higher harmonic 
frequencies need to be calculated. Consequently, the calcula 
tion of toner density can be complicated. 
The disclosure proposes using an emitted light of modu 

lated intensity instead of constant intensity to detect the toner 
density. In particular, the intensity of the light can be modu 
lated sinusoidally With a desired frequency to improve the 
e?iciency of calculation. 

FIG. 3 is a plot shoWing the same exemplary response 
characteristics of a sensor system as in FIG. 2. In addition, 
FIG. 3 can be used to illustrate various embodiments using 
emitted light of modulated intensity. 
As shoWn in FIG. 3, the driving current of the emitter 110 

can vary betWeen 310 HA and 370 HA. Additionally, the 
driving current can vary according to different patterns. For 
example, the driving current can vary according to a step 
pattern. The driving current can keep at 310 HA for a certain 
time, then keep at 370 HA for a certain time. For another 
example, the driving current can vary according to a triangu 
lar pattern. The driving current can increase linearly from 310 
MA to 370 HA, then the driving current can decrease linearly 
from 370 HA to 310 uA. For another speci?c example, the 
driving current can vary sinusoidally of a particular fre 
quency, such as 330 shoWn in FIG. 3. The driving current can 
vary according to a single frequency sinusoidal pattern hav 
ing a center current 340 uA, and an amplitude of 30 uA. 
As discussed above, the emitter driving current can drive 

the emitter 110 to emit a light having an intensity that ?uc 
tuates With the emitter driving current. Thus, if the emitter 
driving current is modulated, the intensity of the emitted light 
from the emitter 110 can also be modulated. Accordingly, 
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When the emitter driving current is sinusoidally modulated, 
the intensity of the emitted light can be sinusoidally modu 
lated. 
As already known, the light can be affected and re?ected by 

the object 140. The re?ected light can also be modulated 
When the emitted light is modulated. The re?ected light can be 
detected by detector 120 and an intensity of the detected light 
can be converted into an output voltage signal. For a linear 
sensor system, the output voltage signal can vary linearly With 
respect to the variation of the emitted light. Therefore, When 
the emitted light is modulated, the output voltage of the detec 
tor 120 is modulated. Speci?cally, When the emitted light is 
sinusoidally modulated, the output voltage of the detector 120 
can be sinusoidally modulated With the same frequency. 

The linearity of the sensor system can be accomplished by 
carefully choosing sensor geometry, position of the light, 
optics for collecting the light, and electronics for post pro 
cessing. The description beloW is based on the linearity of the 
sensor system. 
As can be seen from FIG. 3, re?ectance characteristics of a 

?rst portion and a second portion of the object 140 can be 
represented by the response characteristic lines 210 and 220, 
respectively. The ?rst portion of the object 140 has a layer of 
the speci?c toner. The second portion of the object 140 is 
toner free. As can be inferred from FIG. 3, the speci?c toner 
can absorb light and reduce the intensity of the re?ected light, 
so the output voltage of the ?rst portion of the object 140 is 
generally smaller than second portion of the object 140, so the 
response characteristic line 220 has a smaller slope than toner 
free response characteristic line 210. Furthermore, larger 
toner density can result in even smaller slope for the response 
characteristic line 220. 
As can be seen, When the emitter driving current changes, 

the intensity of the re?ected light also changes. Because of the 
linearity of the sensor system, changes of the emitter driving 
current proportionally vary the intensity of re?ected light 
from the object 140, Which is subsequently detected by the 
detector 120. As a result, the output voltage of the detector 
120 varies proportionally to changes of the emitter driving 
current. For example, When the emitter driving current varies 
betWeen 310 uA and 370 HA, the difference 60 HA is a 
peak-to-peak amplitude of modulation of the emitter driving 
current. Accordingly, the output voltage corresponding to the 
?rst portion of the object 140 can vary betWeen 1.05V and 
1.3V. The difference 0.25V is a peak-to-peak amplitude of 
modulation. Similarly, the output voltage corresponding to 
the second portion of the object 140 can vary betWeen 2.5V 
and 3V, and the difference 0.5V is a peak-to-peak amplitude 
of modulation of the output voltage. When the emitter driving 
current is sinusoidally modulated as indicated by 330, the 
output voltage corresponding to the ?rst portion of the object 
140 can be sinusoidally modulated as indicated by 320 and 
the output voltage corresponding to the second portion of the 
object 140 canbe sinusoidally modulated as indicated by 310. 

According to one embodiment, the amplitude of modula 
tion of the output voltage can be used to evaluate the toner 
density. A modulation relationship With toner density can be 
pre-calibrated based on a constant status of the emitted light. 
The modulation relationship can relate amplitude ofmodula 
tion to toner density. Therefore, an amplitude of modulation, 
such as the peak-to-peak amplitude of modulation 0.25V 
indicated by 390 in FIG. 3 can be related to a toner density. 

The constant status of the emitted light can be maintained 
by occasionally calibrating the emitted light. For example, the 
amplitude of modulation of the driving current can be 
adjusted to ensure a re?ected light from a surface of knoWn 
property, such as a bare surface Without toner, have constant 
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8 
amplitude of modulation. Alternatively, the emitted light can 
be split by a beam splitter. Then, the split light can be detected 
by another detector (not shoWn). The other detector can be 
coupled With the controller 130. Consequently, the controller 
130 can adjust the emitter 110 to maintain the split light of 
constant amplitude of modulation, thus the emitted light can 
be kept at the constant status. 

According to another embodiment, a ratio by dividing an 
amplitude of modulation of the re?ected light by an ampli 
tude of modulation of the emitted light can be used to evaluate 
the toner density. The amplitude of modulation of the emitted 
light can be the amplitude of modulation of the emitter driv 
ing current. Alternatively, the amplitude of modulation of the 
emitted light can be measured by a beam splitter With a 
detector as described above. 

According to other embodiments, a relative re?ectance of 
the object 140 can be calculated, such as the relative re?ec 
tance betWeen a ?rst portion of the object 140 and a second 
portion of the object 140. The ?rst portion of the object 140 
can have the layer of speci?c toner, and the second portion of 
the object 140 can be toner free. The relative re?ectance can 
be used to evaluate the toner density of the speci?c toner at the 
?rst portion of the object 140. 
The relative re?ectance can be calculated by dividing a ?rst 

ratio by a second ratio. The ?rst ratio can be a ratio of tWo 
amplitudes corresponding to the ?rst portion of the object 
140. One is the amplitude of modulation of the detector 
output voltage corresponding to the ?rst portion of the object, 
the other is the amplitude of modulation of the emitter driving 
current corresponding to the ?rst portion of the object. Simi 
larly, the second ratio can be a ratio of tWo amplitudes corre 
sponding to the second portion of the object 140. One is the 
amplitude of modulation of the detector output voltage cor 
responding to the second portion of the object 140, the other 
is the amplitude of modulation of the emitter driving current 
corresponding to the second portion of the object 140. The 
calculation can be represented by equation 2: 

Amplitude of Modulation V, 

RR _ Amplitude of Modulation ILEDa, 
_ Amplitude of Modulation Vb 

Amplitude of Modulation ILEDab 

(2) 

Where I L Eat is the emitter driving current corresponding to 
the ?rst portion of the object 140. I L ED b is the emitter driving 
current corresponding to the second portion of the object 140. 
Vt is the output voltage of the detector 120 in accordance to 
the ?rst portion of the object 140. V17 is the output voltage of 
the detector 120 in accordance to the second portion of the 
object 140. 
When the amplitudes of modulation for the emitter driving 

current corresponding to the ?rst and second portions of the 
object 140 are the same, the relative re?ectance can be sim 
pli?ed as a ratio of tWo amplitudes of modulation of detector 
output voltage, one is corresponding the ?rst portion of the 
object 140, the other is corresponding to the second portion of 
the object 140. 

For example, as shoWn in FIG. 3, the peak-to-peak ampli 
tude of modulation of the emitter driving current is 60 uA for 
both the ?rst and second portions of the object 140. The 
amplitude of modulation of the output voltage corresponding 
to the ?rst portion is 0.25V, and the amplitude of the output 
voltage corresponding to the second portion is 0.5V. There 
fore, the ?rst ratio is 0.25/60(V/uA), and the second ratio is 
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0.5/60(V/p_A). Thus, the relative re?ectance can be calculated 
by dividing the ?rst ratio by the second ratio, and the result is 
0.5. 

According to the same example, since the amplitudes of 
modulation of the emitter driving current are the same, the 
relative re?ectance can be calculated by dividing the ampli 
tude of modulation of the output voltage corresponding to the 
?rst portion, Which is 0.25V, by the amplitude of modulation 
of the output voltage corresponding to the second portion, 
Which is 0.5V, the result is also 0.5. 

According to another embodiment, the amplitude of modu 
lation can be calculated more robustly and ef?ciently by 
analog ?ltering or signal processing techniques, such as Fou 
rier transform and digital ?ltering. For example, When the 
emitter driving current is sinusoidally modulated With a spe 
ci?c frequency, the output voltage of the detector 130 can 
have a corresponding component that is also sinusoidally 
modulated With the speci?c frequency. The output voltage of 
the detector 130 can have other components that are corre 
sponding to the noises. The noise components can have dif 
ferent frequencies from the speci?c frequency. While the 
speci?c frequency is knoWn, the amplitude of modulation of 
the output voltage, Which is corresponding to the modulated 
emitter driving current, can be extracted by standard signal 
processing techniques, such as Fourier transform. Conse 
quently, the noises can be excluded from further calculation. 
Thus, a more accurate detection of the relative re?ectance can 
be achieved. 

FIG. 4 is a ?oWchart outlining an exemplary procedure for 
detecting the relative re?ectance by using light of modulated 
intensity. The method begins in step S100, Wherein a ?rst 
light of modulated intensity is emitted to a ?rst portion of an 
object. The process then proceeds to step S200, Wherein a ?rst 
re?ected light is detected. 

The process proceeds to step S300, Wherein a ?rst ratio is 
calculated by dividing an amplitude of the ?rst re?ected light 
by an amplitude of the ?rst emitted light. The process pro 
ceeds to step S400, Wherein a second light of modulated 
intensity is emitted to the second portion of the object. The 
process proceeds to step S500, Wherein a second re?ected 
light is detected. 

The process proceeds to step S600, Wherein a second ratio 
is calculated by dividing an amplitude of the second re?ected 
light by an amplitude of the second emitted light. The process 
then proceeds to step S700, Wherein the relative re?ectance is 
calculated by dividing the ?rst ratio by the second ratio. Then 
the process ends. 

The disclosure can use different ranges of driving current 
for the portion of the object With or Without toner, Which can 
decouple the re?ectance detection of the tWo circumstances. 

The disclosure does not need a complex test pattern, and 
the extraction of amplitude of the modulated signal can be 
performed by the standard signal processing techniques, 
Which can be done quickly and easily. 

Additionally, modulating LED intensity can reduce the 
duty cycle of the incident light, Which can minimize the effect 
of light shock or other unintentional discharge of the charged 
surfaces, such as photoreceptor surface. 

For the ease of description, the disclosure is presented With 
reference to measuring parameters of photoreceptor surface. 
HoWever, the disclosure can be used on measuring parameters 
of various surfaces, such as intermediate transfer belt, paper 
or other substrates. 

For the ease of description, the disclosure is presented With 
reference to measure parameters of toners in a xerographic 
printer. HoWever, the disclosure can be used on measuring 
parameters of various printers, such as Water based inkj et or 
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Wax-based inkjet. In addition, the disclosure can be used on 
measuring parameters of various pigments or various dyes, 
such as ink, or toner. 

For the ease of description, the disclosure is presented With 
reference to relative re?ectance of an optical densitometer. 
HoWever, the disclosure can be used on various sensor sys 
tems as long as the linearity can be assumed in the operating 
range. The disclosure can also be used for detecting other 
optical properties, such as transmissive property. 

It Will be appreciated that various of the above-disclosed 
and other features and functions, or alternatives thereof, may 
be desirably combined into many other different systems or 
applications. Also, various presently unforeseen or unantici 
pated alternatives, modi?cations, variations or improvements 
therein may be subsequently made by those skilled in the art, 
and are also intended to be encompassed by the folloWing 
claims. 

What is claimed is: 
1. A method of detecting a density of a pigmented layer on 

an object, comprising: 
emitting a ?rst modulated light onto a ?rst portion of the 

object having the pigmented layer; 
detecting a ?rst re?ected light of the ?rst modulated light 

from the ?rst portion of the object; and 
determining the density of the pigmented layer according 

to the ?rst re?ected light, Wherein determining the den 
sity of the pigmented layer includes: 
emitting a second modulated light onto a second portion 

of the object; 
detecting a second re?ected light of the second modu 

lated light from the second portion of the object; and 
determining the density of the pigmented layer accord 

ing to a relative ratio that is related to the ?rst re?ected 
light and the second re?ected light. 

2. The method of detecting the density of the pigmented 
layer on the object according to claim 1, Wherein determining 
the density of the pigmented layer according to the ?rst 
re?ected light, further comprises: 

keeping a constant status of the ?rst modulated light; 
pre-calibrating a density relationship With the re?ected 

light based on the constant status of the ?rst modulated 
light; and 

determining the density of the pigmented layer according 
to the ?rst re?ected light and the density relationship 
With the re?ected light. 

3. The method of detecting the density of the pigmented 
layer on the object according to claim 2, Wherein keeping the 
constant status of the ?rst modulated light, further comprises: 

calibrating the constant status according to a knoWn den 
sity. 

4. The method of detecting the density of the pigmented 
layer on the object according to claim 2, Wherein keeping the 
constant status of the ?rst modulated light, further comprises: 

monitoring the status of the ?rst modulated light; and 
controlling the status of the ?rst modulated light according 

to a feedback of the monitored status of the ?rst modu 
lated light. 

5. The method of detecting the density of the pigmented 
layer on the object according to claim 1, Wherein determining 
the density of the pigmented layer according to the ?rst 
re?ected light, further comprises: 

calculating a ratio of an amplitude of the ?rst re?ected light 
by an amplitude of the ?rst modulated light; and 

determining the density of the pigmented layer according 
to the ratio. 
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6. The method of detecting the density of the pigmented 
layer on the object according to claim 5, Wherein the ampli 
tude of the ?rst modulated light is measured through a beam 
splitter and a detector. 

7. The method of detecting the density of the pigmented 
layer on the object according to claim 5, Wherein the ampli 
tude of the ?rst modulated light is calculated using an ampli 
tude of a ?rst driving current. 

8. The method of detecting the density of the pigmented 
layer on the object according to claim 5, Wherein the ampli 
tude of the ?rst re?ected light is detected by at least one of 
analog ?ltering, signal processing techniques including Fou 
rier analysis, and digital ?ltering. 

9. The method of detecting the density of the pigmented 
layer on the object according to claim 1, Wherein the ?rst 
modulated light is modulated periodically With a ?rst fre 
quency. 

10. The method of detecting the density of the pigmented 
layer on the object according to claim 1, Wherein determining 
the density of the pigmented layer according to the relative 
ratio that is related to the ?rst re?ected light and the second 
re?ected light, further comprises: 

calculating the relative ratio by dividing an amplitude of 
the ?rst re?ected light by an amplitude of the second 
re?ected light. 

11. The method of detecting the density of the pigmented 
layer on the object according to claim 10, Wherein the ampli 
tude of the ?rst re?ected light is detected by at least one of 
analog ?ltering, signal processing techniques including Fou 
rier analysis, and digital ?ltering. 

12. The method of detecting the density of the pigmented 
layer on the object according to claim 10, Wherein the ampli 
tude of the second re?ected light is detected by at least one of 
analog ?ltering and signal processing techniques including 
Fourier analysis, and digital ?ltering. 

13. The method of detecting the density of the pigmented 
layer on the object according to claim 1, Wherein determining 
the density of the pigmented layer according to the relative 
ratio that is related to the ?rst re?ected light and the second 
re?ected light, further comprises: 

calculating a ?rst ratio by dividing an amplitude of the ?rst 
re?ected light by an amplitude of the ?rst modulated 
light; 

calculating a second ratio by dividing an amplitude of the 
second re?ected light by an amplitude of the second 
modulated light; and 

calculating the relative ratio by dividing the ?rst ratio by 
the second ratio. 

14. The method of detecting the density of the pigmented 
layer on the object according to claim 13, Wherein the ampli 
tude of the ?rst modulated light is measured through a beam 
splitter and a detector. 

15. The method of detecting the density of the pigmented 
layer on the object according to claim 13, Wherein the ampli 
tude of the ?rst modulated light is calculated using an ampli 
tude of a ?rst modulated driving current. 

16. The method of detecting the density of the pigmented 
layer on the object according to claim 13, Wherein the ampli 
tude of the second modulated light is measured through a 
beam splitter and a detector. 

17. The method of detecting the density of the pigmented 
layer on the object according to claim 13, Wherein the ampli 
tude of the second modulated light is calculated using an 
amplitude of a second modulated driving current. 
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18. The method of detecting the density of the pigmented 

layer on the object according to claim 13, Wherein the ?rst 
modulated light is modulated by at least one of sinusoidal, 
triangular, and step patterns. 

19. The method of detecting the density of the pigmented 
layer on the object according to claim 13, Wherein the second 
modulated light is modulated by at least one of sinusoidal, 
triangular, and step patterns. 

20. The method of detecting the density of the pigmented 
layer on the object according to claim 13, Wherein the ampli 
tude of the ?rst re?ected light is detected by at least one of 
analog ?ltering, signal processing techniques including Fou 
rier analysis, and digital ?ltering. 

21. The method of detecting the density of the pigmented 
layer on the object according to claim 13, Wherein the ampli 
tude of the second re?ected light is detected by at least one of 
analog ?ltering and signal processing techniques including 
Fourier analysis, and digital ?ltering. 

22. The method of detecting the density of the pigmented 
layer on the object according to claim 13, Wherein the ?rst 
modulated light is modulated periodically With a ?rst fre 
quency. 

23. The method of detecting the density of the pigmented 
layer on the object according to claim 13, Wherein the second 
modulated light is modulated periodically With a second fre 
quency. 

24. A sensor system that detects a density of a pigmented 
layer of an object, comprising: 

an emitter that emits a modulated light onto a portion of the 
object, the object including a ?rst portion that has a 
pigmented layer and a second portion that is bare, 
Wherein the emitter emits a ?rst modulated light onto the 
?rst portion of the object and emits a second modulated 
light onto the second portion of the object; 

a detector that detects a re?ected light from the portion of 
the object, the detected re?ected light including a ?rst 
re?ected light from the ?rst portion of the object and a 
second re?ected light from the second portion of the 
object; and 

a controller that is coupled to the emitter and the detector, 
the controller determines the density of the pigmented 
layer of the object based on the detected ?rst re?ected 
light and the detected second re?ected light, Wherein the 
density of the pigmented layer is determined according 
to a relative ratio that is related to the ?rst re?ected light 
and the second re?ected light. 

25. The sensor system that detects the density of the pig 
mented layer of the object according to claim 24, further 
comprises: 

a memory unit that stores a pre-calibrated density relation 
ship With re?ected light based on a constant status of the 
modulated light, the controller determines the density of 
the pigmented layer according to the density relation 
ship With re?ected light and the detected re?ected light. 

26. The sensor system that detects the density of the pig 
mented layer of the object according to claim 25, Wherein the 
constant status of the modulated light is kept by calibrating 
the constant status according to a knoWn density. 

27. The sensor system that detects the density of the pig 
mented layer of the object according to claim 25, further 
comprises: 

a beam splitter that splits a portion of the modulated light; 
and 

a split beam detector that detects the split portion of modu 
lated light. 

28. The sensor system that detects the density of the pig 
mented layer of the object according to claim 27, the control 
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ler controls the modulated light at the constant status by 
controlling the split portion of the modulated light. 

29. The sensor system that detects the density of the pig 
mented layer of the object according to claim 24, Wherein the 
controller determines the density of the pigmented layer by: 

calculating a ratio of an amplitude of the re?ected light by 
an amplitude of the modulated light; and 

determining the density of the pigmented layer according 
to the ratio. 

30. The sensor system that detects the density of the pig 
mented layer of the object according to claim 29, Wherein the 
amplitude of the modulated light is calculated using an ampli 
tude of a driving current. 

31. The sensor system that detects the density of the pig 
mented layer of the object according to claim 29, Wherein the 
modulated light is modulated periodically. 

32. The sensor system that detects the density of the pig 
mented layer of the object according to claim 24, Wherein the 
controller calculates the relative ratio by dividing an ampli 
tude of the ?rst re?ected light by an amplitude of the second 
re?ected light. 

33. The sensor system that detects the density of the pig 
mented layer of the object according to claim 24, Wherein the 
controller 

calculates a ?rst ratio by dividing an amplitude of the ?rst 
re?ected light by an amplitude of the ?rst modulated 
light; 

calculates a second ratio by dividing an amplitude of the 
second re?ected light by an amplitude of the second 
modulated light; and 
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calculates the relative ratio by dividing the ?rst ratio by the 

second ratio. 
34. A printing system, comprising: 
an object that is at least one of a photoreceptor drum, a 

photoreceptor belt, an intermediate transfer belt, an 
intermediate transfer drum and paper, the object includ 
ing a ?rst portion that has a pigmented layer and a second 
portion that is bare; 

a sensor system that detects a density of the pigmented 
layer of the object, comprising: 
an emitter that emits a modulated light onto a portion of 

the object, Wherein the emitter emits a ?rst modulated 
light onto the ?rst portion of the object and a second 
modulated light onto the second portion of the object; 

a detector that detects a ?rst re?ected light from the ?rst 
portion of the object and a second re?ected light from 
the second portion of the object; and 

a controller that is coupled to the emitter and the detec 
tor, the controller determines the density of the pig 
mented layer of the object based on the re?ected light 
and adjusts the printing system according to the den 
sity of the pigmented layer, Wherein the density of the 
pigmented layer is determined according to a relative 
ratio that is related to the ?rst re?ected light and the 
second re?ected light. 


